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(54) NEW PROCESS FOR THE MANUFACTURE OF 
NUCLEOSIDES 

(71) We, SCHERING AKTIENGESELLSCHAFT, a Body Corporate 
organised according to the laws of Germany, of Berlin and Bergkamen, Germany, 
do hereby declare the invention, for which we pray that a patent may be granted 
to us, and the method by which it is to be performed, to be particularly described in 
and by the following statement : — 

The present invention is concerned with a new process for the manufacture of 
nucleosides. 

Processes for the manufacture of nucleosides arc known. Thus, for example, 
from Y. Furukawa et al (Chera Phann. Bull. 16, 1067/1968/) it is known that 
purines react with 1-O-acyl- or l-O-alkyl-derivative of a sugar in the presence 
of a Friedel-Crafts catalyst to form the corresponding N-glycosides, and in German 
Patent DBP No. 1,919,307 there is described a process for the manufacture of 
nucleosides, characterized in that silylated N-heterocycles are reacted with protected 
1-halo-, 1-O-alkyl- and especially 1-acyl-sugars in the presence of Friedel-Crafts 
catalysts. 

The industrial use of the known processes has been especially disadvantageous, 
because the separation of the salts of Lewis acids or Friedel-Crafts catalysts formed 
during the reaction often gives difficulties in working up the reaction mixture, and 
additional chemical operations are necessary. In particular these disadvantages also 
cause a reduction in the yield of the desired end product. 

It has now been found that the Friedel-Qrafts catalysts, for example SnQ 13 can 
be replaced as catalysts by known trialkylsilyl esters, preferably trimethylsilyl esters 
of mineral adds, for example perchloric acid or sulphuric add, or of strong organic 
adds, for example pdfluorome thane sulphonic add. 

The present invention accordingly provides a process for the manufacture of a 
nucleoside, wherein a sugar derivative that contains an -O-acyl or -O-alkyl 
group or a halogen atom in the 1-position and may contain at least one protected 
hydroxyl group in another position is reacted with a silylated organic base, prefer- 
ably a silylated heterocyclic organic base, in the presence of an ester selected from 
trialkylsilyl esters, preferably trimethylsilyl esters, of mineral acids and trialkylsilyl 
esters, preferably trimethylsilyl esters, of strong organic adds and, if desired, any 
protected hydroxyl group in the resulting nucleoside is converted into a free 
hydroxyl group. 

Particularly preferred as trialkyl silyl esters are all easily accessible mono-, di- or 
poly-trimethylsilyl esters, for example trimethylsilyl perchlorate [(CH,) 5 Si— OC10 8 ] 
and the trimethylsilyl esters of trifluoracetic add and trifluoromethane sulphonic 
add [(CH a ) 8 Si— OCOCF a and (CH 3 ) 8 SiO— S0 2 CF a , respectively] . By the replace- 
ment of, for example, SnCU by the trimethylsilyl esters of mineral adds the harmful 
fonnation of emulsions and colloids during working up is avdded and the yields 
are increased. 

In accordance with the process of the present invention all the silylated organic 
bases that are known generally to those skilled in the art can be used There are 
suitable, for example, organic bases of the general formula 
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R, — N= (C — C)„= C— R, (la) 
X 



u 



or 

Ri — N — (C=C) n — R 2 (lb) 

in which X represents an oxygen or sulphur atom, n represents 0 or 1, R 2 and R 2 each 
5 represents an unsubstituted or substituted organic hydrocarbon group (which may 5 

be saturated or unsaturated) or together represent a divalent organic group (which 
may contain one or two nitrogen atoms), R 3 and R* each represents a hydrogen atom 
or an alkyl, alkoxycarbonyl or alkylaminocarbonyl group or together represent either 
a divalent group of the formula 

10 O 0 O 3 0 O 10 

O >«3 Nvl 



/V /V n H 

y ^ -J 1 or ^ 
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or a corresponding divalent group that is substituted (for example as indicated in 
the next but one paragraph), and Y represents a trialkyl silyl group, especially a 

15 trimethylsilyl group. " * J ^ 

When Rt and R~ represent any desired separate organic groups, they represent 
more especially alkyl groups containing 1 to 10 carbon atoms, preferably contain- 
ing 1 to 4 carbon atoms, or aryl or aralkyl groups. There may be mentioned, for 
example, methyl, ethyl, propyl and butyl groups. 

20 The divalent groups represented by K x and R 2 together and also by R a and R 4 

together may contain, tor example, one or more of the following substituents, namely 
alkyl groups containing 1 to 10 carbon atoms, trifluoromethyl, acyl, hydroxyl, alkoxy, 
acyloxy, carboxyl, carboxamido, alkoxycarbonyl, dialkylaminocarbonyl, amino and 
nitro groups, oxo groups (attached to carbon or nitrogen atoms) and halogen 

25 atoms. 25 
Preferred starting bases are sflylated organic bases in which R l and R 2 in the 
above formulae are connected together in a ring and especially in such a manner 
that the heterocyclic base contains five or six atoms in the ring, of which one to 
three are nitrogen atoms. 

30 The silylated organic bases having the formulae la and lb are thus preferably 30 

derived from the foflowing heterocyclic bases, namely uracil, cytosine, 6-azauracil, 
2-thio-6-azauraciL, thymine, an N-acyladenine, guanine, lumazine, imidazole, pyrazine, 
thiazole and triazole, which may be substituted by one or more of the above 
mentioned substituents listed for the divalent groups represented by R a and R 2 

35 together and also R s and R* together. 35 
For the case in which Ri and R 2 are connected together in a ring, the divalent 
group represented by R> and R a together is more especially a 

X' NH 2 X' R, R 5 R c 

~<L-NH— , ^=N-~-C--, -_N=(L-, -J:=<L- 5 

o 



40 group, when n= 1, and a 



40 
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— NH — CO — CH = N — , — N=G-N=C— or —N=C— N=CH— 

group, when ra=0, in which X' represents an oxygen or sulphur atom and R fi and R u 
each represents a hydrogen atom or an alkyl, alkoxycarbonyl or alkylaminocarbonyl 
group. 

Hie divalent group represented by R t and R 2 together may also advantageously 
be a group of the formula 

—C=N— — N=N — CH=C — CH S , — QH<— , 

CH, I / 

/ OSi— CH a 

OSi— CH 3 \ 

\ CH a 
CH t 

— CH=CH— C=N^, — CH=N— , — CH=N— C=N— 

NH CH 2 — COOH 

H,C— Si— CH 3 

1 

CHa 

-c=n-ch=c- or -CH-N-CH=N— . 

f A 



l 

10 The sugar derivatives used in the process of the present invention are prefer- 10 

ably derived from ribose, desoxyribose, arabinose and glucose. 

Advantageously, all the free hydroxyl groups of the sugar are protected. As 
sugar protecting groups there are suitable the protecting groups customarily used 
in sugar chemistry, for example acyl groups, for example benzoyl, para-chlorobenzoyl, 
1 5 para-nitrobenzoyl and para toluyl groups, and benzyl groups. \ 5 

In the nucleosides obtained in accordance with the process of the present inven- 
tion the free or protected sugar group is preferably connected to the nitrogen atom 
in a ^-glycoside manner. 

When in accordance with the process of the present invention there are to be 
made nucleosides which contain O-acyl-protected sugar groups, there come into 20 
consideration in addition to the protecting groups already mentioned also, inter alia, 
the groups of the following acids, namely propionic acid, butyric acid, valeric acid, 
caproic acid, oenanthic acid, undecanoic acid, oleic acid, pivalic add, cyclopentyl- 
propionic acid, phenylacetic acid and adamantane carboxylic acid. 
25 The process of the present invention can be used in general for the preparation 25 

of nucleosides. Preferred products of the process are nucleosides of the general 
formula II 

*j-N-(c-c) n -(c\-R z 

1 I I (n) 

2 * «+ \*U 

in which R to R 2 , R«, R*, X and n have the meanings given above, Z represents a 
30 free or protected sugar group, and m represents 0 or 1. The nucleosides that can 30 

be prepared in accordance with the process and especially the products of the general 

formula II, are biologically active. By virtue of their specific solubility they can be 

administered, depending on the choice of the substituents, either systemically as 

aqueous or alcoholic solutions, or locally as salves or jellies. 
35 The nucleosides, depending on die starting compounds used, have, for example, 35 

an enzyme-inhibiting, antibacterial, antiviral, cytostatic, antisporiatic or inflammation- 

inhibiting action. 

The reaction of the silylated organic base, for example a base of the general 
formula la or lb, with l-O-acyi-, 1-O-alkyl- or 1-halogeno-derivative of a free or 
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protected sugar in the presence of a catalyst in accordance with the process of 
the present invention is carried out in a suitable solvent, for example in methylene 
chloride (CH^CL), 1,2-^chloroethane (QCH^CHoCl), chloroform, benzene, toluene, 
acetonitriie, ethylene chloride, dioxan, tetrahydrofuran, dimethylformamide, carbon 
disulphide, chtoroben2ene 3 sulpholan or molten dimethyl sulphone. 5 

The reaction may be carried out at room temperature or at a higher or lower 
temperature, but preferably at a temperature within the range of from 0 to 100°C 
The reactants are generally used in the reaction in approximately equimolar quan- 
tities; however, a silylated heterocycle is often used in a small excess^ in order to 
obtain a conversion of the sugar component that is as far as possible quantitative. 10 
Often 0.1 equivalent cf the catalyst suffices, for each equivalent of the sugar com- 
ponent. 

The catalysts used for the new process, as compared with the formerly used 
Lewis acids or Friedei-Crafts catalysts, have the great advantage that they can be 
15 immediately and quantitatively removed by simple agitation with a bicarbonate 15 
solution without the formation of emulsions or colloids, because they are immediately 
hydrolysed to a salt and hexamethyl-disiloxane (boiling point 98 °C), which is removed 
during the withdrawal of the solvent. 

The catalyst can be prepared in accordance with the literature, for example, 
from AgClO* with (CH 3 ) 3 SiCl which gives (CH 3 ) 3 Si— OQO a together with Agd 20 
[U. Wannagat and W. Liehr, Angew. Chemie 69, 783 (1957)], or, as in the case of 
the trimethylsilyl ester of trifluoromethane sulphonic acid, easily from CF 3 S0 3 H and 
(CH 3 ) 3 Sia [H. C Marsmann and H. G. Horn, Z. Naturforschung B 27, 4448 
(1972)J with the use of a neutral solvent, for example benzene, or without a solvent 
Filtration of any salts formed with the exclusion of moisture leads to stable solu- 25 
tions of the sflyl esters used as catalysts. 

From acylated 1-O-alkyl- and 1-O-acyl-sugars and the catalyst there are formed 
m the reaction in the process of the present invention a sugar cation contained in, 
for example, a mineral acid salt and also a silylated O-alkyl- or O-acyl-derivative. The 
30 sugar salt then reacts with, for example?, a silylated pyrimidine with the formation of 30 
a nucleoside and the renewed formation of the silylester of tie mineral acid, so . 
that catalytic Quantities of the silyl ester of the mineral acid suffice. 

The yields obtained in the process of the present invention are higher than those 
of the aforesaid known processes. Moreover, there are formed preponderantly /?- 
35 derivatives of the sugars and the undesired <*-anomers are formed only in minor 35 
quantities or not at all. 

For the preparation of nucleoside containing free hydroxyl groups, the hydroxyl- 
protecting groups can be removed in the usual manner, for example, by alcoholic 
solutions of ammonia or alcoholates, aqueous or alcoholic alkali and also, in the 
case of the benzyl ethers, by reduction or hydrogenation. 40 
The following Examples illustrate the invention : — 



20 



25 



40 



Example 1 

To 5.15 mmoles of 2,4-bis-(tiMnemylsilyloxy)-pyriniidme and 5 mmoles of l-O- 
acetyl-2,3 ^-tri-0-benzoyl-/?-D-ribofuranose in 20 ml of 1,2-dichIorethane were 

45 added 2J mmoles of trimethylsilyl perchlorate [(CH 3 ) 3 Si— O— C10 3 ] in 20 ml of 45 
benzene, and the whole was allowed to stand for 1 week at 24°C After the addi- 
tion of 50 ml of chloroform, the mixture was agitated with 50 ml of an ice-cold 
saturated solution of sodium bicarbonate, and separated, and the aqueous phase was 
men agitated with a small amount of chloroform. After drying with sodium sulphate 

50 and evaporation there were obtained 2.8 grams of crude product, which after recrystal- 50 
hzation from 40 ml of benzene gave 2.1 grams (75 J % of the theoretical yield) of pure 
2',3 ',5 '-tri-O-benzyl-uridine melting at 138— .140°G 

Example 2 

The procedure was the same as that described in Example 1, except there was 
added only 0.5 mmole of trimethylsilyl perchlorate (in 5 ml of benzene) and boiling 55 
was carried out for 4 hours at a 100°C bath temperature under argon. After working 
up and crystallization there were obtained 2238 grams (80.4% of the theoretical 
yield) of 2^3^ / .tri.O-benzyl-uridi^e. 

An Example 3 

6U To 10 mmoles of 3-trimemylsilyltWo-5-trimemylsilyloxy-l,2,4-tri^ and 10 60 

mmoles of 0-glucose-penta-acetate in 25 ml of 1^-dichlorethane was added 1 mmole 
of trimethylsilyl perchlorate in 7 mi of benzene, and the whole was boiled for 3 



55 
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hours at a 100°C bath temperature. After the usual working up as described in 
Example 1 there were obtained 3.5 grams of crude product, from which there were 
obtained from ethanol 3 grams (65% of the theoretical yield) of 2-(2,3 > 4,6-tetra- 
0-acetyl-£-D^ucopyranosy^ melting at 

226°C 

Example 4 

To 5 mmoles of 2-trimethylsilyloxy-pyridine and 5 mmoles of l-O-acetyl-2,3,5- 
tri-O-benzoyl-tf-D-ribofuranose in 25 ml of 1,2-dichlorethanc was added 0.5 mmole 
of the trimethylsilyl ester of trifiuororaethane sulphonic acid in 1 ml of benzene, and 
the whole was boiled for 1.5 hours at a 100°C bath temperature and worked up as 
described in Example 1. After crystallization of the resulting residue (2,8 grams) from 
75 ml of carbon tetrachloride mere were obtained 2.28 grams (85% of the theoretical 
yield) of H2 5 3 3 5-Oi-0-benzoyl-/^D-ribofuranasylH melting 
at 140*G 

Example 5 

To 10 mmoles of 2-0-trimemybilyfoxy-4-trim and 10 

mmoles of l-0-acet^"2,3,5-tri-0-benzoyl-/?-D-ribofuranose in 35 ml of 1,2-dichlor- 
ethane were added 12 mmoles of the trimethylsilyl ester of trifluoromethane sulphonic 
acid [(CHjDaSiO— S0 2 CF 3 ] in 24 ml of benzene, and the whole was heated for 
1 hour at 100°G Working up as described in Example 1 gave 3.869 grams (85% of 
the theoretical yield) of amorphous 2 / 3',5 / -tri-0-benzyl-cytidine. 

Example 6 

To 10 mmoles of 64^rizoyl-trimeraylsflylammo-9-tri and 10 

mmoles of l-0^cetyl-2^,5-m-0-berizoyl-i8-D-ribofuranose in 35 mi of 1,2-dichlor- 
ethane was added 1 mmole of trimethylsilyl perchlorate in 7 ml of benzene. After 
12 hours at a bath temperature of 100° C and working up as described in Example 1, 
there was obtained amorphous tetrabenzoyl-adenosine, which was hydrolysed with 
250 ml of methanolic ammonia for 16 hours at 22 °C. By evaporation and extrac- 
tion with methylene chloride there were obtained from methanol-H 2 0 2.3 grams 
(86.4% of the theoretical yield) of pure adenosine, melting at 230— 232°G 

Example 7 

To 40 mmoles of 2,4-bis-(trimemylsUyloxy)-luma2iiie and 40 mmoles of l-O- 
acetyl-2,3,5-tri-0-benzoyl-^-I>ribofuranose in 75 ml of 1,2-dichlorethane were added 
4 mmoles of trimethylsilyl perchlorate in 20 ml of benzene, and the whole was boiled 
for 4 hours at a bath temperature of 100°G By working up as described in Example 
1 there were obtained 202 grams (84% of the theoretical yield) of l-(2,3^-tri-0- 
benzoyliff-D-i^>ofuranosyl)4urnazine. 

Example 8 

To 55 mmoles of l-trimethyMyl-3-caiiK)xymemyl-lA4-triazok and 55 mmoles 
of l-0-acetyl-2,3,5-tri-0-benzoyl-p-D-ribofuranose in 100 ml of l^-dichlorethane 
were added 5 mmoles of (CH s )sSiO— S0 2 GF 8 in "20 ml of benzene, and the whole 
was boiled for 4 hours at a bath temperature of 10O°G By working up as described 
in Example 1 there were obtained 24 grams (85.5% of the theoretical yield) of 
H2,3,5-tri-0-benzoyl-^D-^ 

Example 9 

To 10 mmoles of 2,4-Ws-(iaimemylsiryloxy)-5-morpholirw and 10 

mmoles of l-0-acetyl-2 3 3 3 5-tri-0-beri20vl-G-D-ribofuranose in 35 ml of 1,2-dichlor- 
ethane were added 11 mmoles of (CH 3 ) $ SiO— SO a CF r in 20 ml of benzene, and the 
whole was stirred for 20 hours at room temperature under argon. Working up as 
described in Example 1 yielded 636 grams (99% of the theoretical yield) of amor- 
phous 5-rrrt>rrAolmo-2%3 / ^'-tri^berizyl-u^ 

Example 10 

11 mmoles of 2,44>is-(trmxthylsfly^ and 12 mmoles of 

(CHASiO— SOXF 3 dissolved in absolute 1,2-dichlorethane were added to 5.04 
grams (10 mmoles) of l-0-acetyl-2,3,5-tri-C^benzoyi^-I>-ribofuranose in 75 ml of 
1,2-dichlorethane, and the whole was stirred for 4 hours at room temperature. 
Working up as described in Example 1 yielded from ethyl acetate/hexane 5.24 grams 
(89.3% of the theoretical yield) of 5-methoxy-2',3 ^5'-tri-0-benzoyl-uridine. 

Example 11 

11 mmoles of 2,4-his^trirrtfmyMylo^ and 12 mmoles 
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of (CH^SiO— SO s CF 3 dissolved in absolute 1,2-dichlorethane were added under 

£ g 7s mi 5 ? ftTJ. 10 r Mks) ? f ^O-^W^.S-tri-O-benzoyl-^D-ribofuranose 
r™~™«L U-djchloxethane, and the whole was stirred for 3.5 hours at room 
temperature. Working up as described in Example 1 yielded from methylene 
t^^yl^dtoef 81118 % ° f meoredcal W of 5,6-dimethyl-2',3' > 5'- 5 

Example 12 

a n i2 J °? °f J 04 , ^P 8 (1 ° mmolcs > <* l-0-acetyl-2,3,5-trf-0-benzoyl- 
^D-nboruranose m 100 ml of absolute acetonitrfle were added under argon 11 

^^ciic^l^*^^^-?-??^-!^^ ^d 12 mmdes of I0 
(Uti,),!>iU— S0 2 CF, m absolute acetonitnle, and the whole was stirred for 3 hours 
at room temperature. Working up in accordance with Example 1 and column 
Chromatography with ethyl acetate/hexane yielded from ethyl acetate/hexane 4 04 
grams (70.9% of the theoretical yield) of 64e%l-2'^^5'-J-0-benzo^S 1 e: 



35 



Example 13 .r 
„„ to a , m " nnc / analogous to mat described in Example 12 were reacted 5 04 grams 
r&SW 01 l^^^^-tri^-benzoyl-^bofuranose, iTTmofes ST- 
fmTS&?" 1 ^ 4 " tn ? 20 i e 12 mmoles of (CH 3 ) J Si(>-SO J CF !1 . Working 
20 ft^S ? T^L m ^T^ le ij idded 2 - 94 E rams ( 57 - 2 % °f the theoretic^ yield) J 
^« l-(2^ ) 5-tri-0-ben Z oyl-^-D-rfl»furanosyl)-l J 2,4-triazole melting at 105— 106°C 20 

WHAT WE CLAIM IS.— 

tW ™tS° CeSS «° r ? e m ?? u £ a " ure rf a nucleoside, wherein a sugar derivative 
™ ™«f* "» " <Mcyl 01 -°- a ?7 l 6«>up or a halogen atom in the position and 

i^ZTz °I^ C a o 3 *," 1 ^ presence of an ester selected from trialfcylsilyl esters of ?<; 
ZSL'kS * «nalky&lyl esters of strong organic acids and, tf de^ed, any 25 
protKted hydroxyl group m the resulting nucleoside is converted into a free hydroxyl 

v\ „J„' A ? IDCCSS 38 dataed in claim 1, wherein the reaction is carried out in the 

? f n es i er s^* 1 from trimethylsflyl esters of mineral adds and tri- ™ 
methyMyl esters of strong organic adds. 30 

chlorate^ PMCCSS 35 daimed ™ wheteia me e8ter is trimethylsilyi per- 

35 of triulSr^c ^ *> *** 46 ■» * *• ester 

6. Aprocess as claimed in any one of claims 1 to 5, wherein the sugar is ribose 
desoxynbose, arabinose or glucose. 6 ' 

40 h,* v A ■?T C ! 8 . 8 ^ daim ^ in any one of claims 1 to 6, wherein the silylated organic m 
base is a silylated heterocyclic organic base. »ujmicu organic 40 

8. A process as claimed in any one of claims 1 to 6, wherein the silylated organic 
base is a compound of the general formula wbwmc 

Ri— N=(C— Q„=C— R, (ia) 

R> ll X 

45 or Y 45 

R,— N— (C=CX— R 2 (lb) 

y ii 

i**!? " re ? resents 0 °5 h X represents an oxygen or sulphur atom, R, and R. 
each represents an unsubstituted or substituted organic hydrocarbon group or 

^&SSl£fi&d£ « « together 50 

V ^ ^ 
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n3 ^ ^3 Nv? 

^ ^0-* V* 

or a corresponding divalent group that is substituted, and Y represents a trialkylsilyl 
group. 

5 9. A process as claimed in claim 8, wherein the divalent organic group repre- 

sented by R x and R 2 together contains 1 or 2 nitrogen atoms. 

10. A process as claimed in claim 8, wherein the divalent organic group repre- 
sented by Rj and R 2 together is a group of the formula 

— C=N— — N=N — CH=C— CH 3 , — QH*— , 
CH, \ / 

; / OSi— CH S 
OSi— CH* \ 

\ CH 3 
CH, 

10 — CH=CH— C=N— , — CH=N— , — CH=N— C=N— 

NH CH 2 — COOH 

H S C — Si — CH 3 

-c=n-ch=>c- or — CH=N— CH=N— . 

i I 
o 



I 

11. A process as claimed in claim 8, wherein n represents 1 and R x and Ro 
together represent a 

— C — NH — , — C=N— C— 3 — N=C— , 

II I il I 

X' NH 2 X' R 5 

O 

T 

15 — ? = ?~ 3 — CH=N— , — CH=N— or -O— CO— 

group in which X' represents an oxygen or sulphur atom and R a and R e each 
represents a hydrogen atom or an alkyl, alkoxycarbonyl or aikylaminocarbonyi group. 

12. A process as claimed in claim 8, wherein n represents 0 and R : and R 2 
together represent a 

20 — NH — CO — CH=N — , — N=C— N=C— or —N=C— N=CH— 

I i ! 

NH 2 R, R, ( 

group in which R 5 represents a hydrogen atom or an alkyl, alkoxycarbonyl or alkyi- 
aminocarbonyl group. 
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13. A process as claimed in any one of claims 8 to 12, wherein Y represents 
a tumetnylalyl group. 

14. A process as claimed in any one of claims 1 to 13, wherein the reaction is 
earned out at a temperature within the range of from 0 to 100°C. 

A process as claimed in claim 1, conducted substantially as described herein. 5 

16. A process as claimed in claim 1, conducted substantially as described in 
any one of Examples 1 to 8 herein. 

17. A process as claimed in claim 1, conducted substantially as described in 
any one of Examples 9 to 13 herein. 

to j^ 18, A nucleoside whenever made by the process claimed in any one of claims 1 jq 
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